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Technical Report Summary 

Research on the effects of upper mantle structure in 

subduction zones has been directed toward two principal problems: 

the effects of plate structure on earthquake focal mechanism 

solutions and the use of careially analyzed station residuals to 

reveal details of upper mantle structure. 

Because of refraction effects,  the point on the focal sphere 

corresponding to the ray to a seismograph station will be plotted 

in the wrong place if that ray has gone through -x high velocity 

subducted slab,  but a   spherical earth model is used to determine 

the ray path.    The size of the effect depends on the geometry of 

the source-slab-station system.    For the Aleutian Islands event 

studied,   changes in take-off angle of up to 8°  and 19°  in azimuth 

were produced by this effect.    One conclusion for this particular 

event is that the newly calculated slip vector was concordant with 

accepted reUtive motion of the Pacific and North American plates. 

There is no need to postulate a separate Bering plate,  as has been 

done by others on the basis of the systematic misfit of the slip 

vectors calculated by conventional methods. 

Station P- time residuals have been systematically eval- 

uated as a means of developing some detailed information on 

lateral variations in the crust and upper ma itle of the Hindu Kush 

"'—■"•' ^"■M^-fcMttMMMtMMMa^-..-...-    .._,.^_...    ...       
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seismic zone.    All events occurring in this region and a nearby 

source in India,   as reported by the ISC for  1964-70,   were sorted 

by recording station and by source region within the overall zone. 

The residuals were then examined for degree of scatter and 

stability of mean residuals at individual stations as functions of 

space and time.    Stations exhibiting stable means were plotted 

on a residual-sphere to look for evidence of significant patterns. 

Effects beneath the stations were removed by subtracting from 

the Hindu Kush residuals either the "normal" Indian source 

residuals or station corrections independently determined from 

deep-focus events (> 300 km).    By both methods the residual- 

sphere plots suggest that the Hindu Kush seismic zone lies in a 

planar zone of high-velocity material,  possibly a fossil plate, 

extending beneath the Hindu Kush source (~ 210 km) and dipping 

steeply to the northwest. 

The development of techniques for improving the detect- 

ability of long-period body waves from Asian earthquakes as 

small as nx 5 and explosions with nri 6 or smaller has been the 

principal objective of current work on long-period body waves. 

Arrival-times and frequency content of HGLP signals can be 

derived from raw data with signal-to-noise ratios    less than 1. 

Multiplication of vertical and phase-shifted radial components 

«M^^MM. .■MMBM^M^ IM'rha -itfilF   iili«ilMMM 
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of ground motion has been demonstrated to be an elective means 

for improving the signal to-noise ratio. 

A deep,  small earthquake produces a seismogram with a 

P- wave arrival and weak surface waves.    If the Hepth of such an 

event is erroneously determined to be shallow,   the event may be 

misidentified as an explosion on the basis of the MS/ITL   criterion. 

Arrival-times of long-period S waves derived from processed 

HGLP data can be used to supplement the data set and produce 

a more nearly correct depth and origin time,  thereby eliminating 

the avent as a possible explosion.   One case of an event that was 

actually at a depth of 350-40D km,  but erroneously reported as 

being at 55 km illustrates this point.    The validity of the procedure 

was subsequently verified on the basis of the arrival-times of one 

well-developed phase,   PKP, that had been thrown out of the 

determination because it didn't fit the shallow depth. 

The work on establishing a classification scheme for central 

Asian earthquakes has been handicapped by the sparsity of suitable 

data for studying events over a wide range of magnitudes within 

selected seismic zones.    Recently seismograms of good quality 

from the Soviet observatory network have been obtained through 

World Data Center A,   and these will make more complete studies 

possible. 

mtm  —*■ mil ■ -- ■ 
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Combined long-and short-period spectra from WWSSN 

seismograms for the following - rustal events,  by seismic region, 

have been calculated: (1) Tien-Shan (China-U. S. S. R.  border re- 

gion),  4 events,   mB. 7-6. 2; (2) Tibet,   3 events,  rn  5. 6-5. 8; (3) 

Tsaidam,   3 events,   ni   5.2-6. 1;  Lake Baikal,   2 events,   m   5. 1. 

The Lake Baikal events do not produce detectable P- signals on 

the long-period WWSSN seismograms.    Preliminary examinatio is 

of the spectra reveals that the Tibetan source yields spectra with 

a single, well-developed corner period,  whereas the Tien-Shan 

P- wave spectra suggest two corner frequencies,   corresponding 

to a small fractional stress drop. 

MMM^MMMM* 
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1.    Effects of Plate Structure on the Determination of 

Earthquake Focal Mechanisms 
E. P.   Engdahl 

The existence of a subducted plate beneath an island arc 

often makes it difficult for geophysicists to study seismic sources 

in these regions.    The effects of pronounced lateral heterogeneity 

in physical properties on the seismic signal have been discussed 

by numerous authors (Jacob,   1972; Davies & Julian,   1972; Sleep, 

1973).    Engdahl (1973,   1974) considered the effects on earthquake 

hypocenters by allowing for plate structure in the location process 

rather than assuming that the Earth is laterally homogeneous. 

This note was inspired by the observation that under certain 

circumstances of station geometry with respect to the seismic 

source the strike of either one or both of the nodal planes deter- 

mined with a conventional Earth model may be significantly in 

error in the presence of a subducted plate.    *n the Aleutian arc a 

systematic error in the slip vectors is observed,  producing some 

difficulty in modelling relative plate motions (Minster, jet al,   1974). 

The central Aleutians is an ideal place to model a subducted 

plate because of the data from large nuclear explosions on Amchitka 

Island.    Attempts to simulate the structure lead to models of the 

type shown in Fig. 1. l.This structure is about 80 k.n thick and 

MMMMMMNUBHaHBHl^BaB .  -■>. , -., .»-  ■ -■        ■.^- 
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the Cen^VlllT^ ^r^ A,nChitka Isla^  (Longshot) i ^Central Aleuüans.    Solid dot I. location of the earthquak 
studied in this report. 
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penetrates about 2 50 km into the mantle with a seismic velocity 

about 7% higher in the center of the plate than in the average upper 

mantle (Jacob,   1972).    The location of the plate with respect to the 

Longshot explosion is fixed most accurately from the observed 

amplitudes of teleseismic  P waves (Sleep,   1973).    The velocity 

model shown in Fig. 1.1 was constructed from the 1968 velocities 

of Herrin et al. and a   numerically calculated thermal model of the 

slab in the manner described by Sleep (1973,  equation (I)). 

The problem of ray tracing in a generally heterogenous 

medium has been described by Julian (1970) and by Engdahl (1973). 

The calculations are considerably simplified by assuming the plate 

structure described to be symmetric about the center of curvature 

of the island arc in the vicinity of Amchitka.    An iterative proce- 

dure is used to converge on source-receiver ray paths. 

The event chosen for study occurred near Amchitka Island 

during the 1965 Rat Islands earthquake sequence and is located 

with respect to the pjate model in Fig. 1.1. A conventional focal 

mechanism solution,  corresponding to overthrusting of the island 

block relative to the oceanic block has been published by Stauder 

(1968,  event 8,  Table 1).   The slip vector for this solution (N39W) 

was used by Minster et al.   (1974) to determine the relative plate 

motion. 

mmm Mmmm n^riii»  
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The original P- wave first motion data and nodal planes 

published by Stauder for this event are plotted,   using the Herrin 

1968 conventional Earth model,   on the lower half of the focal 

sphere in Fig. 1. 2a. The same rays were then traced through the 

plate structure shown in Fig. 1. 1 and their projections on the focal 

sphere are shown in Fig. 1.2b.  Rays to stations COL and CMC 

were not traced because their paths would sample considerably 

more of the Aleutian arc f.han has been modelled here. 

Introduction of plate structure has produced changes in 

the focal angles from this event of up to 8° in dip and   IV0  in 

azimuth to some stations.     Ray projections to North America 

appear to have undergone a net outward shift and counterclock- 

wise, rotation,   as these rays seek the higher velocity path through 

the plate.    Ordinarily,   these changes might not affect the location 

of the nodal planes,  as in the case of intermediate depth earth- 

quakes in the central Aleutians (Engdahl,   1974).    In this particular 

case,   however,   the strike of the auxiliary plane is highly depen- 

dent on stations to North America  (NE quadrant).     If the fault 

plane is held fixed, we find a new solution for the auxiliary plane 

which requires a 2°  change in dip and a  12°  change in dip direction. 

The slip vector undergoes a corresponding rotation from N390W to 

N510W. 

UMMMHMtMMk iianii Hi  t iiiii 1 '■■'■■'    - '-jjt 
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Fig.   I. 2a.     Focal mechanism (equal area projection) from a 
conventional Earth model.    Circles represent compression P 
first motions and triangles rarefaction.    Crosses represent P- 
wave arrivals that appear to be near nodal lines. 
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b) 

Fig.   l.Zb 

Focal mechanism from a model incorporating plate structure. 
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This obvious discrepancy in the slip vector has an important 

consequence in the modellxng of relative plate motions.    Because of 

the similarit:   in source-station geometry along the whole of the 

Aleutian arc,   we could expect to have the same discrepancy in other 

solutions published by Stauder.    Minster et al.   relied heavily on 

these data to propose the existence of a Bering plate,  moving mth 

respect to North America.    The Bering plate was introduced because 

of a systematic misfit to the slip vectors of earthquakes along the 

Aleutian and Kuril arc for   i pole (NOAM-PCFC) determined by 

assuming the lithosphere north of the Aleutian arc as part of the 

North American plate.    This misfit to the slip vectors is of the same 

magnitude and direction as the changes in the slip vectors produced 

by redetermining the focal mechanisms with a plate structure using 

seismic ray tracing. 

In conclusion,  plate structure may significantly affect earth- 

quake focal mechanism solutions in active subduction zones.    In the 

particular case of the Aleutian arc errors in the slip vectors of 12° 

are observed.    This result obviates the need for a Bering plate in 

the modelling of relative plate motions in the North Pacific. 

The cooperation of the National Center for Atmospheric 

Research in permitting the use of their CDC 7600 computer for the 

purpose of expediting the development of the computational tech- 

niques used in this research is gratefully acknowledged. 
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Zj; A P Travel-Time Residual Study of the 

Hindu Kush Region 
E.R.   Engdahl 

In this study P- time residuals from events occurring in the 

Hindu Kush seismic zone are systematically evaluated as a means 

of developing some detailed information on lateral variations in 

the crust and upper mantle of the region.    Preliminary results 

are presented on a residual-sphere in the manner described by 

Davies & McKenzie (1969). 

The source of data is the ISC Bulletins.    All events occur- 

ring in the Hindu Kush seismic zone and a small nearby source in 

India as reported by the ISC for 1964-1970,   were sorted  by re- 

cording station and by source region within the overall zone as 

described in Table [. 

Table     I 

Source Region Latitude Longitude Depth 
                          (0N)                          (0E) (km) 

Hindu Kush Source               36-37 70-72 170-260 

Hindu Kush Intermediate 35-39 69-76 80-170 

Hindu Kush Shallow             35-38 6-75 0-   80 

Indian Shallow                        29   31 67-71 0-   80 

MlatauaH|MlI_l_^HiiMiliiiiiHaMBMiHMiBM. -    
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The residuals for each source-station pair were then plotted 

on film as functions of the number of stations reporting the event, 

time,  latitude.  Icngitude.   and depth.    These plots were examined 

for degree of scitter and stability of mean residual at individual 

stations.    At most stations the means were quite.stable.     No depen- 

dence on number of stations or time was observed.    However,  at 

close distances,   some stations were highly sensitive to position 

within an individual source region.    This effect will be examined 

more closely at a later date. 

The next step was to plot stable mean residuals on the 

residual-sphere.    This was accomplished by using the mean depth 

and mean azimuth for all events within a particular .ource-station 

group to determine the focal angle.    Those source-station pairs 

having a standard error of the mean residual (SEM)   less than 0. 15 

sec.   are plotted in Figs. 2. 1-2. 4 for the four source regions con- 

sidered.    No distinct pattern is recognizable in these initial plots. 

This is not unexpected since we have not yet removed first order 

effects of the crust and mantle beneath the recording station. 

There are two ways to remove the station effect:  >) subtract the 

residuals from a nearby source likely to have a "normal" mantle 

beneath it; 2) Subtract station corrections independently derived 

from deep-focus events (> 300 km) occurring in other regions. 

—"''"**■—*—*—'——-—'—-—"---    —   ■ ■        ..■.._.-.——M—. ——         
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HINDU KUSH S0URCE (LBWER) 

UNC0RRECTED DflTR 
0.0 0.5 1.5 2.5 SEC 

Fig. 2. 1 
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HINDU KUSH INTERMEDIATE   (L0WER) 

JNC0RRECTED DflTfl 

/ 

/ 

Fig.   2.2 
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HINDU KUSH SHRLL0W S0UTH  (L0WER) 

UNC0RRECTED DflTfl 

Fig.   2. 3 
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Fig.   2.4 
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To test the former method we were fortunate to have an 

active source in the continental Indian plate south of the Hindu Kush. 

Subtracting residuals for stations common to both sources and 

meeting our criteria for SEM we obtain the residual-sphere plots 

shown in Figs. 2. 5-2. 7. Common to these plots is a central zone 

of negative residuals and an outer region of positive residuals. 

One of the properties of the residual-sphere is that it can be 

treated by fault plane methods.    The curve drawn through the 

"fast" regions of the residual-sphere is an equal area projection 

of a great circle with a dip of about 12°  and a strike of about 

N350E,   suggesting at least in part a planar mechanism near 

source for producing the residuals. 

Support for these results can be shown using the second 

method of removing station effects.    In Figs. 2. 8-2. 9 are plotted 

residuals for Russian stations from which station corrections 

previously determined (Semi-Annual Report No.   1) were sub- 

tracted.    The pattern is strikingly similar to that obtained by 

the source-subtraction method.    Station corrections are now 

being determined for other observing stations and the results 

will be presented at a later date. 

These new data suggest that the Hindu Kush seismic zone 

lies in a planar zone of high-velocity material,  possibly a fossil 

plate,  extending beneath the Hindu Kusli source (-210 km) and 

dipping steeply to the northwest. 

- ■ ■ 
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3.     Lon^ Period Body Wave Studies of 

Asian Seismic Events 
Gary Boucher 

Research in this period li^ s been concentrated upon refine- 

ment of the detectability of long-period body waves of earthquakes 

as small as magnitude ITL   5 and of explosions of magnitude m  6 

and under.    Information derivable from earthquake signals that 

are below the noise level on raw HGLP digital seismograms 

included arrival time and frequency content data on long period body 

waves,  particularly S waves,    Sevetal lines of evidence useful in 

discriminating between underground explosions and earthquakes are 

suggested.    T^e work may be divided into two phases as follows: 

a) Improvement of signal-to-noise ratio    of seismic body 

waves as recorded on real seismograms,  primorily by multipli- 

cation of vertical and radial components of motion,  with appropriate 

phase shifts for various types of waves. 

b) Use of long period S-waves to refine the origin times of 

poorly determined small events.    An example is shown of a poorly 

located earthquake with anomalously small Ms/ITL   statistic,   which 

evidently occurred much deeper than the poor quality PDE location 

indicates,   with a correspondingly later origin time. 

^M|a_ —.„^M^__— ^ ^^ 
-   ■ 
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The philosophy of the rather simple minded approach to 

signal analysis will be discussed,  along with ruggestions for future 

development and applic ition of the techniques. 

The starting point for a useful method of signal enhancement 

to detect the presence of long-period body waves on no^sy scismo- 

grams rests with the observation by Oliver and Major (I960) that 

the long period energy associated with body waves is predominantly 

in the form of so-called 'leaking modes',  also called PL modes. 

These modes,   which account for the long-period dispersed wave 

motion associated with body waves,   are characterized by particle 

motion of the prograde elliptical type,   in which the phase of the 

radial component of ground motion is a quarter wavelength behind 

that of the vertical motion.    Such wave motion was originally dis- 

cussed in terms of P waves,  but was subsequently shown to be 

associated with vertically polarized S- waves.    Since leaking 

modes by definition are highly attenuated,  and since they are in 

effect continuously generated by incidence of the associated body 

wave upon the free surface of the earth,  the dispersion is control- 

led primarily by the crustal structure along the propagation path 

within a relatively small distance of the recording station.     Thus 

there is considerable similarity between PL waves as observed 

from different events at a given station,  as long as the direction 

of approach and epicentral distance are not too different. 

-     - ■ -   .- - ■- 
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Utilizing the elliptical particle motion as the basis for 

analysis,  it is clear that multiplying together the vertical and 

radial components of the signal,   in the sense of point-by-point 

multiplication of the values of the time series,   especially if the 

phase of the radial component is. increased by a 90° ,   will yield a 

rectified,  dominantly positive wave form on the product trace. 

A further advantage is in the reduction of the background noise, 

since a small amplitude on either trace will yield a small value 

of the product trace,  and since energy lacking the proper phase 

relationship will appear on the negative side of the product trace. 

The following examples will show that the technique of multiplying 

components together is very effective in reducing both background 

microseisms and the signal-generated noise common to seismo- 

grams that generally aggravates the detection of phases arriving 

after the beginning of the record.    In a representative example, 

where the amplitudes on the original seismogram are large enough 

to measure, the improvement in signal to noise ratio (as measured 

from the seismogram with a scale) is at least a factor of 10 refer- 

red to the signal-generated noise before a large PS phase,  and at 

least a factor of 20 referred to the microseisms preceding the P- 

wave arrival.     This may be seen from Fig.   3. 1  which shows recoras 

records from Albunuerque,   New Mexico ax. a distance of 109° from 

-"'--—'-'——«'—^—*—-^          
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an earthquake in Northwestern Kashmir.     Multiplying of compo- 

nents without phase-shifting fhe radial component also gives 

considerable enhancement in signal-to-noise ratio,  but perhaps 

not quite as much as with the phase shift,  and this procedure does 

not Kivo the positive,   rectified appearance that is instantly diag- 

nostic of the shifted product of the sought-for wave types.   The 

reduction of noise level seems to be slightly inferior in the multi- 

plication without phase shift.     Throughout this work,   the instrumental 

phase shifts have not been explicitly treated,   as they are not known 

at present.     The assumption that the phase shifts between instru- 

ments are similar appears to be reasonablv well justified in most 

cases,   although at very long and very short periods there may be a 

problem. 

The following detailed points about Fig. 3. 1 may b 

First,  for the PS phase shown,   which is lar 

y be noticed. 

ge enough that a signal- 

to noise comparison may be made roughly quantitatively,  the 

improvement in signal to noise,   based upon apparent zero to peak 

amplitudes (that is,   measurements made from the seismograms 

with a scale) is at least a factor of 10 for the product trace,   refer- 

red to the earthquake-generated signal preceding PS.   and at least 

a factor of 20 referred to the microseism level prevalent before 

the arrival of the  P wave.    Since the product records have dimen- 

sions of amplitude squared,   the numerical value ox the improvement 

- ^«■•Mri 
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Figure   3. 1 

Records from Albuquerque,   New Mexico HGLP station for 

the earthquake of Sept.   3,   1972 at 16 42 28. 8 Z.   (Northwestern 

Kashmir,   n-^-6. 3,   M  =6. 2).     Epicentral distance   109 degrees. 

Top to bottom are the raw vertical trace,  the radial component 

(transformed from east-west and north-south components),  and 

the product trace,   made by multiplying together the radial and 

vertical components.     The phase of the radial component is 

shifted forward by 90°,   to exploit the prograde elliptical polar- 

ization of PL-type ground motion.     The raw records were also 

band pass filtered,   using upper and lower corner frequencies of 

0. 10 and 0.02 Hz,   respectively,  before multiplication.     The 

purpose of the band pass filter is to remove the large amplitude 

extremely long period background noise,   as well as the micro- 

seisms with frequencies greater than 0. 1 Hz.     The body-wave 

arrival time serves as a fiduciary mark with respect to which 

the signal in the product trace may be analysed.     Notice that 

the large amplitudes in the product trace are significantly 

delayed with respect to the body-wave arrival time.     This is 

partly a result of instrumental phase shift,   but principally it is 

due to the dispersed nature of the  PL-type of wave motion.    At 

this distance the P wave is very small.     The time reference 

given on all the figures  refers to the time at the left hand margin 

of the picture,  the 'start' of the record shown. 

MMMM 
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in signal-to-noise ratio would appear to decrease at lower ampli- 

tudes.     However,   the smaller arrivals in Fig. 3. 1 demonstrate that 

the improvement in signal-to-noise ratio for phases like  PP is such 

that the arrival of PP is obvious and easy to pick on the multiplied 

record,   whereas on the vertical channel alone it cannot be iden- 

tified.    The records shown in Fig.  3. 1 were made at an epicentral 

distance of 109°.     Naturally at shorter epicentral distances body 

waves from smaller events are detectable.     Fig.   3.2 shows the 

Kipapa,   Hawaii records of the same earthquake at epicentral 

distance of 104°.     The  PP and PPP phases are somewhat better 

developed in this case on the product trace. 

Figure    3 . 3   is intended as a practical example of the 

usefulness of this approach.     The earthquake in the example oc- 

curs in the same area as the earthquake shown in Figs.   3   1 and 3.2. 

Its depth is given by the  PDE determination as  55 km.    On the 

shifted product seismogram as described above,  however,   the 

wave groups that appear to correspond to the S- and SS- coupled 

PL phases at Kongsberg,   Norway are too early by approximately 

20 seconds.    The inconsistency is easily explained if the depth of 

the earthquake were around 400 km.     The  PDE solution .s based 

upon only 8 stations,  and uses only P phases,   so that the depth is 

poorly constrained,   and a mis-determination of the depth and 

- ---- 
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Figure 3. 3 

Kongsberg, Norway,   records for an earthquake of mag- 

nitude 5. 5 on Sept.   4,   1972,   with epicenter near that of the 

earthquake shown in figures  3. 1 and 3.2.    Also present are 

surface waves from another earthquake of magnitude m, 5- 5 

near Hokkaido,  about 70 degrees away with a well determined 

depth of 76 km.    The product trace has been half-wave rectified, 

in effect,  by deleting the negative excursions of the trace,   to 

emphasize the  PL-type motions for illustrative purposes. 

Expected arrival times of various body waves are indicated by 

vertical bars,   as labelled.    Values parentheses refer to the 

depth and origin time as reported by the  Preliminary determi- 

nation of epicenters (U.S.   Dept.   of Commerce).    The PL energy 

clearly arrives too early for these interpretations to be correct. 

Beneath the product trace are shown predicted arrival times as- 

suming the depth of the event to be 400 km,  and the origin tL   e 

to be about 30 seconds later.     These clearly satisfy the data 

much better,  given the constraints on the relationship between 

product signal arrival tirm- from all other examples studied. 

As an additional constraint upon the depth of this earthquake, 

the relative size of surface waves of the Kashmir    earthquake 

and the Hokkaido earthquake of the same ITL   but greater distance 

is indicative of much greater depth for the Kashmir earthquake. 

The relative surface wave amplitudes are confirmed by other 

stations. 

—fj-^—**-***-—*^*-^- ■      .. —»nlMMiita—ftiiiii—■n ii 
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origin tine is easily possible.    The results of the long-period 

body wave analysis from only a single station provide rather 

convincing evidence that the origin time should be about 40 seconds 

later than that given,   concomitant with the greater depth.    The pP 

phase is not very helpful in this case,   since it nearly coincides in 

time at near stations with the time of PP,   if it can be read at all. 

Another point of evidence in favor of considerable depth for the event 

is provided by the size of the surface waves.    Coincidentally,  there 

is on the same seismogram the surface wave train from an event 

near Hokkaido,  about 70 degrees distant,  and having the same 

magnitude m, .    It is obvious that the surface waves are much larger 

from that event,   indicating that it is shal.ower,  and its depth of 76 km 

is much better determined,   since 43 stations ware used in the deter- 

mination.    This is a prime example of the important case where an 

event with an anomalously small M   /ITL   discriminant,  with poorly 

determined depth could be mistaken for an explosion.    Conversely, 

an explosion could be mistaken for a deep    earthquake with a poorly 

determined origin time, and analyi is of the S-waves wouid be in- 

strumental in classifying the hypothetical event as an explosion. 

With the limited data available in this case, it is fortunate that the 

large event which occurred in the same area on the previous day is 

available to aid in the interpretation of the product seismogram. 

t - 
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since the action of phase shifting and multiplying seismograms 

introduces considerable distortion in the wave forms.    The 

Kongsberg records for the larger nearby earthquake are shown 

in Fig. 3. 4 for comparison. 

The last event in this series is a presumed explosion in 

Eastern Kazakhstan of magnitude rrL   6. 2  (Fig.   3. 5).  Since this 

event is evidently an explofion,   its long period body waves are 

much smaller than would be expected for an earthquake of the 

same m^.    This alone is diagnostic of the explosion character 

of the event,  but some further information can be gleaned from 

the records,  using the dispersed character of the leaking mode 

waves associated with S phases.    By simply attempting to match 

the wave forms between this event as an earthquake,   using the 

expected body-wave arrival time as the time reference,   it can 

be seen that there is a definite absence of the very long period 

energy in the beginning of the wave group,   yet later on,   when 

the shorter periods arrive,  the correlation with the earthquake 

signal is good.    As an aid in the interpretation,  the earthquake 

seismogram used for comparison could be high-pass filtered, 

with the corner around 0. 1 Hz,  before performing the multipli- 

cation,  to provide a very comparable waveform.     Perhaps it 

would be useful to repeat here an observation from the previous 

report,  which is that the character of PL waves is determined 

.*. 
--■ —  -       ^•~~, ^- 
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Figure 3. 4 

Seismograms from Kongsberg,  Norway for the North- 

western Kashmir earthquake of Sept.   3,   1972,   m=6. 2,  depth 

= 36 km,  o. t.   16 48 28.8 Z.    Depth and origin time for this 

earthquake are probably well determined.     Purpose of this 

figure,  on which the body wave arrival times are well deter- 

mined,  on the  raw vertical component,  is to show the relation- 

ship between predicted body wave arrival time and the arrival 

of significant amplitudes on the product trace,  as developed 

from the PL-type wave motion.    This figure is primarily for 

reference to Fig.   3. 3.   and demonstrates that the interpretations 

of the   true body wave arrivals of that earthquake at Kongsberg 

are reasonable,  and that the chosen depth of 400 km represents 

a lower limit of the acceptable depth for the smaller earthquake 

in the same region on Sept.   4,   1972. 
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Figure 3. 5 

Vertical,   radial,   and product seismograms from a presumed 

explosion in Eastern Kazakhstan on Nov.   2,   1972 (origin time 01 26 

57.6Z, m=6. 2,   PDE).    Purpose of this figure is to demonstrate 

detection of the S phase from the explosion,   using the product trace. 

Included for reference is the S- related portion of the product trace 

from the Kashmir earthquake of Sept.   3,   1972.    It has been observed 

that the S-waves at a particular station,  as seen in the product trace, 

are generally similar from one event to another,   if the direction of 

approach of the waves is not too different.    The close conformity of 

these two traces,   except for scale,  of course,   in the early high- 

amplitude portion of the signal,   indicates that the assigned depth of 

the event (namely 0 km) is reasonable.    The product races are 

aligned on the basis of expected arrival time of the S body wave. 

-          —  __.. i. _ 
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largely by the crustal structure within a short distance of the 

recording station,  meaning that the waveforms from different 

events are quite similar even though the epiceatral distances 

may be significantly different,   granting only that the direction 

of approach of the waves is not too different. 

Why this method of analysis ? 

Some commentary on the philosophy of this type of analysis 

is in order at this point.     The approach used in multiplying records 

is rather a crude onu,  and it may seem to be a roundabout way of 

obtaining spectral ard arrival-time information.    In fact this ap- 

proach is dictated by the desire to study events at the lower limit 

of detectability by single long period instruments.    In any given 

length of record,  as may be seen from the original seismograms 

of either the events in Fig. 3. 2 or Fig. 3. 4, the spectral density of 

background noise energy at all frequencies is at least equal to the 

spectral density of the body wave energy.    Therefore computing 

the Fourier spectrum of a  section of record will be of dubious 

value by itself.    The noise must be dealt with in some fashion, 

since it cannot be removed explicitly.     Use of more than one 

component of motion,   exploiting the known polarization of the 

signals associated with body waves is therefore dictated.     It is 

likely that cross spectral analysis of the radial and vertical 
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components of motion,   exploiting the expected phase character- 

istics of the signals would accomplish much the same enda. 

The advantages of the present method lie in its simplicity, 

in the real advantage of the non-linearity of the method,  and in 

the fact that the dispersion although equivalent to the phase rela- 

tionships,  is easier to interpret from the product seismograms 

than from the phase spectra.    The aspect of simplicity primarily 

means a saving in computer time.    As is generally true in seis- 

mology,  the smaller events are more numerous than the larger 

ones in any given class,  and this evidently applies to nuclear 

explosions as well as to earthquakes,  although for different 

reasons.    Thus if small events are of concern,  one must be 

prepared to deal with Jarge numbers of events,  and economy 

of operations is a virtue.    The non-linearity, although it takes 

one a step further from reality,   has the advantage that those 

small components of the noise which do not possess the desired 

phase relationships are made relatively even smaller,   since they 

enter as the squares of small quantities.    Use of the time series 

is preferred in these circumstances mainly because the implicit 

phase relationships are easy to ascertain visually: the product 

seismograms can simply be 'read' like other seismograms. 

Characteristic signal shapes are rather consistent from one 

event to another at a given station,   and timing,  as well as a 

rough estimate of relative frequency content   is easy to determine. 

—   ■ 
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Additional comments. 

Optimization of data.   The HGLP instruments generally 

record very long period microseisms which completely swamp 

the very long period energy of small earthquakes.     For this 

reason it has been found useful to perform a high-pass filtering 

operation on all the data before doing the multiplication of com- 

ponents,  using a filter corner frequency of about 0.02 Hz.    On 

the ordinary records,   this filtering operation does not significantly 

decrease the quality of body wave arrivals,  whereas it is of great 

benefit in removing the very long period sinusoidal waves which 

are of noise origin and serve only to confuse the interpretation 

of the records.    Naturally the removal of this very long period 

noise is of considerable value when the multiplication operation 

is performed.    Normally when dealing with earthquake signals 

it is also helpful to filter out some of the highest frequencies 

recorded,   since they are not normally signal-related,  and since 

this removes occasional small glitches from the record. 

Explosions evidently do contribute energy even in the upper 

frequency ranges approaching  I Hz,   so that it is perhaps better 

not to remove the highest frequencies before processing. 

S waves.     It is very common for the long period S- 

waves from an event to be larger than the long period P- waves. 

— - . 
--     ■-—- --'"■ 
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This applies to explosions as well as to earthquakes,  as ex- 

plained in the previous semi-annual report.     Therefore,   in 

attempting to interpret seismograms of smallest possible s^c, 

it may be worthwhile to concentrate upon the S- waves,   as long 

period P- waves may not be detectable,   particularly in the case 

ot explosions. 

Extension to smaller events.    There is room for improve- 

ment in the sophistication of the filtering processes used to detect 

extremely smaU body waves      True SV- wave polarization filters, 

relying upon a point by point check of the proper phase charac- 

teristics between vertical and radial components of motion would 

be more effective,  although more expensive,  than the blanket 

phase shifting technique used here.    Likewise use of multiple 

stations as an extended array might increase the detectability of 

very small body waves,  although this probably would require a 

substantially increased number of stations to be really effective. 

Conclusion. 

A genuinely effective,   yet simple method of signal en- 

hancement has been described for detection of long-period body 

wave-associated energy on seismograms of earthquakes of 

moderate magnitude at large epicentral distances.    The use of 

long-period S- waves detected in the manner described is useful 

MM^^MI 
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in the establishment of focal dept'i of earthquakes,  and the long- 

p^riod S- waves which have been shown in this and previous work 

to be associated with presumed explosions are likewise useful, 

in that they can be used to eliminate the hypothesis that a given 

event might be a deep earthquake instead of an explosion.     The 

lower limit of applicability of these techniques is not yet known, 

but it is,  using body wave magnitudes nL   as the parameter, 

probably as low as ni  =5 for earthquakes and less than m     6 for 
D b 

explosions.    Some improvement,   using more sophisticated anal- 

ysis is very likely possible. 

, 
  . 
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4.    Classification of Asian Earthquakes 
R.  Ganse and G.  Lundquist 

In recent years,   Fourier Transforms have been applied 

to seismograms,   and the resulting spectra have been interpreted 

in terms of earthquake source  parameters.    In particular,   spectral 

scaling laws have be >n derived to relate the various magnitude 

schemes,  based on the fact that each magnitude is just a sample, 

over a small frequency range,   of a properly corrected spectrum. 

Unfortunately,   it is readily apparent that all  spectral properties 

of earthquakes can not be described by a single scaling law.    The 

purpose of this study is to determine whether different spectral 

classes of earthquakes occur within individual seismic zones of 

Asia,   and to determine whether the  spectral properties of those 

earthquakes might be represented by some limited number of 

individual scaling laws. 

Selection of Events. 

Four   small areas of the Asian continent were selected for 

study on the basis of apparent number of events.    These areas will 

have been expanded to include all of the following geologic provinces: 

(1) The Tien Shan Fold Belt (40-45 N.   70-90 E); (2) a section of the 

high Tibetan Plateau (29-35N,   91-96E ); (3) the block faulted Tsaidam 

■- ■ -     — •   - ■   -    - ■ 
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Basin (36-39N,   90-99E),  and (4) the Lak.   Baikal region (50-57N, 

104-113E).     Lake Baikal and the western half of the Tien Shan 

region are in Russia.    The other areas are in China.    A simple 

map of the- areas is shown in Fig.   4. 1. 

A list of known cruslal .vent;, was obtained from the 

Hypocenter Data File,  and events were selected for detailed 

study which were represented by useable seismograms.    The 

basic data for the first year's work were seismograms from 

WWSSN and the Canadian Network.     Data has been requested from 

Russia,   and a small amount has been received.    Russian «eis- 

mograms should be an important part of the next year's work. 

A list of events is given in Table I. 

Processing. 

The seismograms for each event were  read for first 

motion and earthquake magnitude.    During this reading from 

microfilm chips,   stations were chosen for digitization on the 

basis of signal-to noise ratio,     distance and azimuth.     Distances 

were restricted to the range 35-80 degrees as much as possible, 

and a balanced azimuthal distribution was sought. 

Seismogram lengths of roughly 70 sec (short period) 

and 120 sec (long period) were digitized. P- wave data was 

collected from short-and long-period vertical seismograms. 

MMMMMMMBMi .^M^MMMM^Mri 
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Fig.   4. 1 

Location map of the regions studied 
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S- wave data was restricted to the short-and long-period horizontal 

transverse component obtained by a coordinate rotation of the 

combined NS and EW seismograms.     Horizontal particle motion 

was plotted and the S- wave polarization angle was read,   when 

possible,  to be incorporated in focal mechanism determinations. 

The digitized seismograms were processed through a 

Fast Fourier Transfer.n program,   and the raw spectra were 

corrected for instrument response to get station spectra.     The 

processing that led to the meaned "quazi-source" spectra is 

best described by the flow diagram shown in Figure 4. 2.    Since 

the object of this study was not to improve methods for correcting 

spectra,   a minimum of adjustments have been made,  and those 

corrections have used the authors'  choice of standard models. 

The spectra have all been obtained in a consistent manner,  and 

comparison between spectra should depend little on the correc- 

tion methods used.    Figs.   4. 3-4. 12 show the meaned spectra 

computed during the first yeir of this  study. 

The anelastic attenuation corrections are the only 

frequency dependent corrections applied to the station spectra. 

The correction according to C1T 208 is applied to individual 

stations,   and the resulting spectra are those the model would 

predict if there was no anelastic attenuation in the earth.    The 

   — -    
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Meaned spectra for event of February  11,   1969 in the Tien Shan 
region.    Solid lines are long-period spectra.    Dotted lines are short- 
period spectra.    Each spectrum is an average over the number of stations 
indicated in Table II. 
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Meaned spectra  for event of June 5,   1970 in the Tien Shan region. 
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Meaned spectra for event of March 23,   1971 in the Tien Shan 
region. 
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Mcaned spectra for event of April 9,   1972 in the Tien Shan 
region. 
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Meaned spectra for event of August 15,   1967 in the Tibetan 
Plateau. 
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Meaned spectra for event of April 3,   1971 in the Tibetan 
Plateau.    Short-period window about 60 seconds. 
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Meaned spectra for event of May 22,   1971 in the Tibetan 
Plateau. 
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Meaned spectra for event of April 19,   1963 in the Tsaidam 
Basin. 
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Meaned spectra for event of February  11,   1967 in the Lake 
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Meaned spectra  for event of March 28,   1970 in the Lake 
Baikal region. 
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correction according to CIT 11 CSZ QM is applied to the already 

meaned station spectra because the correction is virtually constant 

over the distance range of stations used. 

Richter's Q is an empirical correction for distance and 

depth.    All comparisons o: spectra will be between spectra 

corrected to 45° by Richter's Q,   yet corrected to the source for 

anelastic attenuation.    This gives rise to the term "quazi-source" 

spectrum. 

The spectra are averaged logarithmically rather than 

linearly.     This method averages the shape of the spectra ?nd 

avoids the problem of one spectrum dominating the  average. 

This is equivalent,   in terms of earthquake magnitude,  to aver- 

aging the magnitudes from several stations,   rather than aver- 

aging amplitudes. 

Discussion. 

Useable magnitudes have been computed for  13 events and 

m^-Ms and m   -Ms relationships have been compared to world- 

wide standards.     Thus  far no major deviations from worldwide 

relationships assembled by Ganse (1974) have been observed. 

Computed magnitudes are listed in Table 11. 
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Focal mechanisms have been computed for several events. 

All four events in the Tien Shan show thrust mechanisms with the 

pressure axis roughly normal to the trend of the Tien Shan 

mountains.    These mechanisms are considered final,   subject to 

very small changes based on Russian data.    Mechanism« in the 

Tibetan Plateau are much more sketchy,   but primarily strike 

slip motion.  Four events yield an interpretation in which one 

fault plane is oriented nearly north-south and dipping steeply to- 

ward the East with left lateral motion.     Two focal mechanisms 

for events beneath the Tsaidam basin are probably thrust-type 

with a north-south pressure axis.    One mechanism for an event 

just south of the Tsaidam basin shows a strike-slip mechanism 

similar to those obtained for the Tibetan Plateau.    One mech- 

anism from Lake Baikal is primarily strike-slip.    These mech- 

anism types agree with published mechanisms for Asian earth- 

quakes and will be updated with Russian data as that data becomes 

available. 

The interpretation of spectra will be reserved for a 

later   report.    The size range and number of events is not 

sufficient at present to attempt an empirical scaling law for 

any individual region.    As a brief characterization,   spectra 

from the Tien Shan and Tsaidam show two well separated corners, 
. » 
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while,  if two corners are interpreted on Tibetan spectra,  they 

are very close.    The three spectra from Tibet nearly overlay with 

small frequency shifts,  while Tien Shan spectra are diversified 

in shape. 

Some Russian seismograms have been digitized and 

spectra have been obtained.    At this time,  however,   noticeable 

differences between corrected Russian spectra exist,  implying 

an improper instrument correction.    Though difficulties exist. 

the Russian data will make a great contribution.    In particular, 

a few very low gain records have been found from which P spectra 

can be obtained for very near (2° -5° ) distances. 

The limited amount of data available show that a spectral 

classification of Asian earthquakes is possible.    Different spectra 

are observed for the Tien Shan and Tibet areas.     Preliminary 

examination shows no correlation between spectral types and the 

distinctly different focal mechanism types. 
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